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PFKA 

r ={ {ATP *=*ADP, kl, kml, k2 } , 

{0-»ATP, vl}, 
{ADP-»0, v2}, 

{ PFK + ADP 2 «=± PFKA, k3, km3 } } ; 
interpret [r] 

{ { ADP 1 [ t ] == - v2 ADP[t]+k2 ATP_PFKA [ t ] - 

k3 ADP[t] 2 PFK[t]+km3 PFKA [ t ] , 
ATP' [t ] == vl + kml ATP_PFKA [ t ] - 

kl ATP [ t ] PFKA [ t] , 
ATP_PFKA' [t]==-k2 ATP_PFKA [ t ] - 

kml ATP_PFKA[t] +kl ATP [ t ] PFKA [ t ] , 

PFK'[t]==-k3 ADP [t] 2 PFK [t] +km3 PFKA [t ] , 
PFKA'[t]==k2 ATP_PFKA[t] + 

kml ATP_PFKA[t] +k3 ADP [ t] 2 PFK [ t ] - 

km3 PFKA[t]-kl ATP [ t] PFKA [ t ] } , 

{ADP, ATP, ATP_PFKA, PFK, PFKA} } 
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gms = interpret [ { 
{0^C,vi,kd}, 

{ C i-* 0, hill [vmax -» vd, khalf ->kd] } , 
{Comp[M] w M, hill [vmax -> VI, khalf -»K1] }, 
{M h0, hill [vmax -»V2, khalf -»K2] }, 
{Comp [X] h» X,hill [vmax ->VM3 ★ M[t] , khalf ->K3] } , 
{X i->0,hill [vmax ->V4, khalf -»K4] } 
} ] / . { VI -> VM1 ★ C [t] / (Kc+C [t] ) } ; 
Print [gms] ; 

run [gms, time Span -* 500, MaxSteps -» 5000, 
initialConditions -» {C [0] = =.1,X[0] ==.1}, 
plotVariables -> All. 
rules -» { 

Kl -* 0 . 001, K2 -> 0 . 001, K3 -> 100, K4 -» 100, 
vi->0.025,Kc-»0.3,kd-»0.01,VMl -»3, 
V2 -» 1 . 5 , VM3 -» 1 , V4 -» 0 . 5, vd -> 0 . 25, Kd -> 0 . 02 
}, 

checkConstants -> False 

] 

vd C[t]X[t] 
{{ C'[t]==vi-kd C[t]- kd+c[t] , 

VM1 C[t] (1-M[t]) V2 M[t] 

m 1 rt i == , 

1 1 (Kc+C[t]) (1+Kl-M[t]) K2+M[t] 

VM3 M[t] (1-X[t]) V4 X[t] •, r „ ^ vll 
X ' lt] " 1+K3-X[t] iW[t])' ,C ' M ' X| ) 



C M X 




{ { C -> InterpolatingFunction [{{ 0 ., 500 .}},<>] , 
M-> InterpolatingFunction [{{ 0 ., 500 .}},<>] , 
X-* InterpolatingFunction [{{ 0 ., 500 .}},<>]} } 
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Out [2]= 



RAFK 




{{K[3,0]**K[3,1] ,al,dl,kl,a2 


,d2, k2}, 


RAFP 




K[3 f 1] 




{K[2,0] »*K[2,1] ,a3,d3,k3,a4, 


d4,k4}, 
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d6,k6}, 
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{K[1,0] **K[1,1] ,a7,d7,k7,a8, 


d8,k8}, 


MAPKP 




K [ 2 2 ] 




{K[l,l] ~K[1,2] ,a9,d9,k9,al0 


,dlO, klO} 


MAPKP 
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{ K 


[2, 


2] 


+ 


s 


[0,-1,0] 5=2 S [0, 2, 0] , kpon, kpof f } , 


{ K 


[2, 


2] 


+ 


s 


[0,-1,1] 5=2 S [0, 2, 1] , kpon, kpof f } , 


{ K 


[2, 


0] 


+ 


s 


[1,-1,-1] «=± S[ 1,0,-1] ,kon,koff }, 


{K 


[2, 


0] 


+ 


s 


[1,-1,0] 5=2 S [1, 0, 0] , kon, koff } , 


{ K 


[2, 


0] 


+ 


s 


[1,-1,1]] 5=2 S [1,0,1] , kon, koff }, 


{ K 


[2, 


1] 


+ 


s 


[1,-1,-1] 5=2 S [ 1,1,-1], kpon, kpoff }, 


{ K 


[2, 


1] 


+ 


s 


[1,-1,0] 5=2 S [1, 1, 0] , kpon, kpoff} , 


{ K 


[2, 


1] 


+ 


s 


[1,-1,1] ^± s [1,-1,1] , kpon, kpoff } , 


{ K 


[2, 


2] 


+ 


s 


[1,-1,-1] S [1,2,-1] , kpon, kpoff }, 


{ K 


[2, 


2] 


+ 


s 


[1,-1,0] 5=2S[1, 2,0], kpon, kpoff} , 


{ K 


[2, 


2] 


+ 


s 


[1,-1,-1] <=i S[ 1,2,1], kpon, kpoff }, 


{ K 


[2, 


0] 


+ 


s 


[2,-1,-1] 5=2 S[ 2, 0,-1] , kon, koff }, 


{ K 


[2, 


0] 


+ 


s 


[2,-1,0] 5=2 S [2, 0, 0] , kon, koff } , 


{K 


[2 ; 


0] 


+ 


s 


[2,-1,1] 5=2 S [2, 0, 1] , kon, koff} , 


{K 


2, 


1] 


+ 


s 


[2,-1,1] 5=2 S [2, 1,-1], kpon, kpoff} , 


{K 


2, 


1] 


+ 


s 


[2,-1,0] 5=2 s [2, 1, 0] , kpon, kpof f } , 


{ K 


2, 


1 ] 


+ 


s 


[2,-1,1] *=s S [2, 1, 1] , kpon, kpof f } , 


{K 


2, 


2] 


+ 


s 


[2,-1,-1] 5=2 S [2, 2, -1] , kpon, kpoff} , 


{ K 


2, 


2] 


+ 


s 


'2,-1,0] 5=2 S [2, 2, 0] , kpon, kpof f } , 


{ K 


2, 


2] 


+ 


s 


2,-1,1] 5=2 S [2, 2,1], kpon, kpoff} , 


{ K 


'3/ 


0] 


+ 


s 


>1, -1, -1] 5=2 S [1, -1, 0] , kon, kof f } , 


{ K 


3/ 


1 ] 


+ 


s 


-1,-1,-1] «=*S[-1,-1,1], kpon, kpoff} , 


{K 


3, 


0] 


+ 


s 


>1, 0, -1] 5=2 S [-1, 0, 0] , kon, kof f } , 


{K 


[3, 


1] 


+ 


s 


[-1,0,-1] 5=2 S [-1, 0, 1] , kpon, kpoff} , 


{K 


3, 


0] 


+ 


s 


>1,1,-1] 5=2 s [-1, 1, 0] , kon, kof f } , 


{ K 


.3, 


1] 


+ 


s 


[-1,1,-1] 5=2 S [-1, 1, 1] , kpon, kpoff} , 


{ K 


[3, 


0] 


+ 


s 


[-1,2,-1] 5=2 S[-l, 2,0] , kon, koff }, 


{ K 


[3, 


1] 


+ 


s 


[-1,2,-1] 5=2 s [-1, 2, 1] , kpon, kpoff} , 


{ K 


[3, 


0] 


+ 


s 


[0,-l,-l]«=±S[0,-l,0], kon, kof f } , 


{K 


[3, 


1] 


+ 


s 


[0,-1,-1] 5=2 S [0, -1,1], kpon, kpoff} , 


{K 


[3, 


0] 


+ 


s 


0,0,-1] 5=2 S [0, 0, 0] , kon, kof f } , 


{K 


.3, 


1] 


+ 


s 


;0,0,-l] 5=2 S [0, 0, 1] , kpon, kpof f} , 


{K 


3, 


0] 


+ 


s 


[0,1,-1] 5=2 S [0, 1, 0] , kon, kof f } , 


{K 


.3, 


1] 


+ 


s 


;0,1,-1] 5=2 S [0, 1, 1] , kpon, kpof f) , 


{ K 


3/ 


0] 


+ 


s 


0,2,-1] 5=2 S [0, 2, 0] , kon, kof f } , 


{K 


3, 


1] 


+ 


s 


;0,2,-l] 5=2 S [0, 2, 1] , kpon, kpof f } , 


{K 


.3, 


0] 


+ 


s 


;i,-l,-l] 5=2 S [1, -1, 0] , kon, koff }, 


{K 


[3, 


1] 


+ 


s 


[1,-1,-1] «=± S [1, -1, 1] , kpon, kpoff} , 


{K 


3, 


0] 


+ 


s 


1,0,-1] 5=2 S [1, 0, 0] , kon, kof f } , 


{ K 


3/ 


1 ] 


+ 


s 


1,0,-1] 5=2 S[1,0,1] , kpon, kpoff } , 


{K 


3, 


0] 


+ 


s 


;i, 1,0-1] 5=2 S [1, 1, 0] , kon, kof f } , 


(K 


3, 


1] 


+ 


s 


;i,l,-l] «==S [1,1,1], kpon, kpoff}, 


{K 


3, 


0] 


+ 


s 


[1,2,-1] «=*S[1, 2,0], kon, koff} , 


{K 


.3, 


1 ] 


+ 


s 


"1,2,-1] 5=2 S [1, 2, 1] , kpon, kpof f } , 


{ K 


3/ 


0] 


+ 


s 


2,-1,-1] 5=2 S [2, -1, 0] , kon, kof f } , 


{K 


3, 


1] 


+ 


s 


;2, -1, -1] 5=2S[2,-1,11], kpon, kof f } , 


{ K 


[3, 


0] 


+ 


s 


[2,0,-1] *=2 S [2, 0, 0] , kon, koff } , 


{ K 


[3, 


1] 


+ 


s 


[2,0,-1] 5=2 S [2, 0, 1] , kpon, kpoff } , 


{ K 


[3, 


0] 


+ 


s 


[2,1,-1] 5=2 S [2, 1, 0] , kon, koff } , 


{ K 


[3, 


1] 


+ 


s 


[2,1,-1] 5=2 S [2, 1, 1] , kpon, kpoff } , 


{ K 


[3, 


0] 


+ 


s 


;2,2,-l] 5=2 s [2, 2, 0] , kon, kof f } , 


{ K 


[3, 


11 


+ 


s 


[2,2,-1] 5=2 S [2, 2, 1] , kpon, kpoff } , 
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{ S [0, 2, -1] -> S [1,2,-1] ,k7}, {S [0,2, 0] ->S[l,2,0],k7}, 
{S [0,2, 1] -» S[l, 2,1] , k7}, {S[l, 2,-1] -> S[2,2,-l] ,k9a}, 
{S [1,2, 0] -> S [2,2,0] ,k9a}, {S [1,2, 1] -> S [2, 2, 1 ] , k9a) , 
{S [-1,0,1] ->S [-1,1,1 ],k3}, {S [-1,1,1] -»S[-l,2,l],k5a}, 
{S[0,0,1] -> S [0,1,1] ,k3}, {S [0,1,1 ]-> S [0,2,1] ,k5a}, 
{S[l,0,l]->S[l,l,l],k3},{S[l,l,l]->S[l,2,l],k5a}, 
{S[2,0,l]->S[2,l,l],k3},{S[2,l,l] ->S[2,2,l],k5a}, 

RAFK 

{S[1,1,0]^S[-1,-1,1] ,kla,dla,kl}, 
{S [-1, 0, 0]^S [-1, 0, 1] , kla, dla, kl } , 
{S [-1, 1, 0]**±S [-1, 1, 1] , kla, dla, kl } , 
{S [-1, 2, Ol^S [-1,2, 1] , kla, dla, kl } , 

RAFK 

{S[0,-1,0]^S[0,-1,1] ,kla,dla,kl}, 

RAFK 

{S [0,0,0] 5=£ S [0,0,1] ,kla,dla,kl}, 

RAFK 

{S [0,1,0] «=*S [0,1,1] ,kla,dla,kl}, 

RAFK 

{S [0, 2, 0] «=* S [0, 2, 1] , kla, dla, kl } , 

RAFK 

{S[1,-1,0]3=£S[1,-1,1] ,kla,dla,kl}, 

RAFK 

{S[1,0,0] 5=s S [1,0,1], kla, dla, kl}, 

RAFK 

{S[1,1,0] «=*S[l,l,l],kla,dla,kl}, 
{S [1,2, 0]^ K S[1,2, 1] ,kla,dla,kl}, 
{S [2, 1, 0]^ K S [2, -1, 1] , kla, dla, kl } , 
{S [2, 0, 0]^S [2,0,1], kla, dla, kl } , 

RAFK 

{S[2,l,0] ^ S [2, 1, 1] , kla, dla, kl } , 
{S [2, 2, 0]^ K S [2,2,1], kla, dla, kl } , 
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Out[3]= {{MAPKP 1 [t] = = -a8 MAPKP[t] K[l,l][t] 

alO MAPKP [ t ] K[l, 2] [t]+d8 K#MAPKP [1 , 1 ] [ t ] + k8 K#MAPKP [1, 1] [t] 
dlO D#MAPKP[1, 2] [t]+klO K#MAPKP [1,2] , MEKP [ t ] = = 
a4 MEKP[t]K[2, 1] [t]+a6 MEKP [t] K[2, 2] [t] +d4 K#MEKP [2 , 1 ] [ t ] + 
k4 K#MEKP[2,1] [t]+d6 K#MEKP [2 , 2 ] [ t] +k6 K#MEKP [2, 2] [t] , 
RAFK[t]==-al RAFK [ t ] K [3, 0 ] [t] +dl K#RAFK [ 3 , 0 ] [ t ] , 
kl K#RAFK[3,0] [t]+kla RAFK [ t] S [-1, -1, 0] [t] 
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kla RAFK [ t ] S[-1,0,0] [t] - kla RAFKft] S [ -1 , 1 , 0 ] [ t ] - 

kla RAFK [ t ] S[-l,2,0] [t] - kla RAFK [ t ] S [ 0 , -1 , 0 ] [ t ] - 

kla RAFK [ t ] S[0,0,0][t] - kla RAFK [ t ] S [ 0, 1 , 0 ] [t] - 

kla RAFKft] S[0,2,0][t] - kla RAFK [ t ] S [ 1 , -1, 0 ] [ t ] - 

kla RAFK [ t ] S[l,0,0][t] - kla RAFKft] S[l,l,0][t]- 

kla RAFKft] S[l,2,0][t] - kla RAFKft] S [ 2 , -1 , 0 ] [ t ] - 

kla RAFKft] S[2,0,0][t] - kla RAFKft] S[2,l,0][t]- 

kla RAFKft] S[2,2,0][t] + dla S#RAFK [ -1 , -1 , 0 ] ft ] + 

kl S#RAFK [ -1 , -1 , 0 ] ft] + dla S#RAFK [-1, 0, 0 ] [ t] + 

kl S#RAFK[-1, 0, 0] [t] + dla S#RAFK [ -1 , 1 , 0 ] [ t ] + 

kl S#RAFK[-1, 1,0] [t] + dla S#RAFK[-1,2, 0] [t] + 

kl S#RAFK[-1,2, 0] [t] + dla S#RAFK [ 0, -1, 0 ] [t] + 

kl S#RAFK[0,-1 / 0] [t] + dla S#RAFK [ 0 , 0 , 0 ] [ t ] + 

kl S#RAFK[0, 0, 0] ft] + dla S#RAFK [ 0, 1, 0] [t ] + 

kl S#RAFK[0, 1, 0] ft] + dla S#RAFK [ 0 , 2 , 0 ] [ t ] + 

kl S#RAFK[0, 2, 0] ft] + dla S#RAFK [ 1 , -1 , 0 ] [ t ] + 

kl S#RAFK[1, -1, 0] ft] + dla S#RAFK [ 1, 0, 0 ] [ t ] + 

kl S#RAFK[1, 0,0] [t] + dla S#RAFK [ 1 , 1 , 0 ] [ t ] + 

kl S#RAFK[1, 1,0] [t] + dla S#RAFK [ 1, 2, 0] [t ] + 

kl S#RAFK[1,2,0] [t] + dla S#RAFK [2 , -1, 0 ] [ t] + 

kl S#RAFK[2,-1, 0] [t] + dla S#RAFK [2 , 0 , 0 ] [ t ] 4- 

kl S#RAFK[2, 0, 0] [t] + dla S #RAFK [2,1,0] [ t ] + 

kl S#RAFK[2,1,0] [t] + dla S#RAFK [ 2 , 2 , 0 ] [ t ] + kl S#RAFK [2 , 2 , 0 ] [ t ] , 
RAFP[t] = = -a2 RAFP [ t ] K[3,l][t] - d2 K#RAFP [ 3, 1 ] [ t] + 
k2 K#RAFP[3,1] [t] ,K[1,0] * [t]= = 

a7 K[l,0][t] K[2,2] [t] + d7 K#K [1 , 0, 2, 2 ] [t] + k8 K#MAPKP [ 1 , 1 ] [ t ] - 
kon K[l, 0] [t] S[-l,-l,-l] [t] - kon K[l, 0] [t] S [-1, -1, 0] [t] - 
konK[l,0][t] S [-1, -1, 1] [t] - kon K[l, 0] [t] S [ -1 , 0 , -1 ] [ t ] - 
kon K[l,0][t] S[-l,0,0][t] - kon K[l,0][t] S[-l,0,l][t] - 
kon K[l,0][t] S [-1, 1,-1] [t] - kon K[l, 0] [t] S[-l,l,0][t] - 
kon K[1,0] [t] S[-l,l,l][t] - kon K[l, 0] [t] S [-1, 2, -1] [t] - 
kon K[l,0][t] S[-l,2,0][t] - kon K[1,0] [t] S[-l,2,l][t] - 
koff S [0, -1,-1] [t] + koff S[0,-l,0][t] + koff S[0,-l,l][t] + 
koff S[0,0,-l][t] + koff S[0,0,0][t] + koff S[0,0,l][t] + 
koff S[0,l,-l][t] + koff S[0,l,0][t] + koff S[0,l,l][t] + 
koff S[0,2,-l][t] + koff S[0,2,0][t] + koff S[0,2,l][t] + 
K[l, 1] [t] = = -a8 MAPKP [ t ] K[l,l][t] - a9 K[l,l][t] K[2,2][t] + 

k7 K#K[1,0,2,2] [t] + d9 K#K[1,1,2,2] [t] + d8 K#MAPKP [ 1 , 1 ] [ t ] + 
klO K#MAPKP[1, 2] [t] - kpon K[l,l][t] S [ -1 , -1 , -1 ] [ t ] - 
kpon K[l, 1] [t] S [-1, -1, 0] [t] - kpon K[l, 1] [t] S [-1, -1, 1] [ t ] - 
kpon K[l, 1] [t] S [-1, 0, -1] [t] - kpon K[l, 1] [t] S[-l,0,0][t] - 
kpon K[l, 1] [t] S[-l,0,l][t] - kpon K[l, 1] [t] S [ -1 , 1 , -1 ] [ t ] - 
kpon K[l,l][t] S[-l,l,0][t] - kpon K[l,l][t] S[-l,l,l][t] - 
kpon K[l, 1] [t] S [-1, 2, -1] [t] - kpon K[l, 1] [t] S[-l,2,0][t] - 
kpon K[l,l][t] S[-l,2,l][t] + kpoff S[l,-1,-1] [t] + 
kpoff S[l,-l,0][t] + kpoff S[l,-l,l][t] + 

kpoff S[l,0,-l][t] + kpoff S[l,0,0][t] + kpoff S[l,0,l][t] + 
kpoff S[l,l,-l][t] + kpoff S[l,l,0][t] + kpoff S[l,l,l][t] + 
kpoff S[l,2,-l][t] + kpoff S[l,2,0][t] + kpoff S[l,2,l][t], 
K[l,2]' [t]==-al0 MAPKP [ t ] K[l,2][t] + k9 K#K [1,1,2,2] [t] + 
dlO K#MAPKP[1,2] [t] - kpon K[l,2][t] S [-1, -1, -1] [t ] - 
kpon K[L2][t] ST-1,-1,0] [t] - kpon K [ 1 , 2 ] [ t] S [-1, -1, 1] [ t] - 
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kpon K[l,2] [t] S[-1,0,-1] [t] - kpon K[l,2] [t] S[-l,0,0][t] - 
kpon K[l, 2] [t] S [-1, 0, 1] [t] - kpon K[l,2] [t] S [ -1 , 1 , -1 ] [ t ] - 
kpon K[l,2][t] S[-l,l,0][t] - kpon K[l,2][t] S [-1 , 1 , 1 ] [ t] - 
kpon K[l,2][t] S [-1, 2, -1] [t] - kpon K[l,2][t] S [ -1 , 2 , 0 ] [ t ] - 
kpon K[l,2][t] S[-l,2,l] [t] - kpoff S [ 2 , -1 , -1 ] [ t ] + 
kpoff S [2, -1, 0] [t] + kpoff S [2, -1, 1] [t] + 

kpoff S [2, 0, -1] [t] + kpoff S[2,0,0][t] + kpoff S [2, 0, 1 ] [t] + 
kpoff S[2,l,-l][t] + kpoff S[2,l,0][t] + kpoff S[2,l,l][t] + 
kpoff S[2,2,-l][t] + kpoff S[2,2,0][t] + kpoff S [2, 2, 1] [t] , 

K[2,0] 1 [t] = = -a3 K[2,0][t] K[3,l] [t] + d3 K#K [2,0,3,1] [t] + 
k4 K#MEKP[2, 1] [t] - kon K[2,0][t] S [ -1 , -1 , -1 ] [ t ] - 
kon K[2,0][t] S [-1, -1, 0] [t] - kon K[2,0][t] S [ -1 , -1 , 1 ] [ t ] + 
koff S [-1, 0, -1] [t] + koff S [-1, 0, 0] [t] + 
koff S [-1, 0, 1] [t] + kon K[2,0][t] S [0, -1, -1 ] [t] - 
kon K[2,0][t] S[0,-l,0][t] - kon K[2,0][t] S [0, -1, 1] [t] + 
koff S[0, 0,-1] [t] + koff S[0,0,0][t] + 
koff S[0,0,l][t] - kon K[2,0][t] S [ 1 , -1 , -1 ] [ t ] - 
konK[2,0][t] S[l,-l,0][t] - kon K [ 2 , 0 ] [ t ] S[l,-l,l][t] + 
koff S[l, 0,-1] [t] + koff S[l,0,0][t] + 
koff S[l,0,l][t] - kon K[2,0][t] S[2,-l,-l] [t] - 
kon K[2,0] [t] S[2,-l,0][t] - kon K[2,0][t] S[2,-l,l][t] + 
koff S[2,0,-l][t] + koff S[2,0,0][t] + koff S[2,0,l][t], 

K[2,l] ' [t] = = -a4 MEKPft] K[2,l][t] - a5 K[2,l][t] K[3,l][t] + 
k3 K#K[2, 3,-1] [t] + d5 K#K [2,1,3,1] [t] + d4 K#MEKP [2, 1 ] [ t] + 
k6 K#MEKP [2, 2] [t] , kpon K [ 2 , 1 ] [ t ] S [ -1 , -1 , -1 ] [ t ] - 
kpon K [2,1] [t] S[-1,-1,0] [t] - kpon K[2,l] [t] S [ -1 , -1 , 1 ] [ t ] + 
kpoff S[-l,l,-l] [t] + kpoff S[-l,l,0][t] + 
kpoff S[-l,l,l][t] - kpon K[2,l][t] S [ 0 , -1 , -1 ] [ t ] - 
kpon K[2,l][t] S [0, -1, 0] [t] - kpon K[2,l][t] S [0, -1, 1 ] [t] + 
kpoff S[0, 1,-1] [t] - kpoff S[0,l,0][t] + 
kpoff S[0,l,l][t] - kpon K[2,l][t] S [ 1 , -1 , -1 ] [ t ] - 
kpon K[2,l][t] S[l,-l,0][t] - kpon K[2,l][t] S[l,-l,l][t] + 
kpoff S[l, 1,-1] [t] + kpoff S[l,l,0][t] + 
kpoff S[l,l,l][t] - kpon K[2,l][t] S [ 2 , -1 , -1 ] [ t ] - 
kpon[2,l][t] S[2,-l,0][t] - kpon K[2, 1] [t] S[2,-l,l][t] + 
kpoff S[2, 1,-1] [t] + kpoff S[2,l,0][t] + kpoff S [2, 1, 1 ] [t] , 

K[2,2] 1 [t] = = -a6 MEKP[t] K[2,2][t] - a7 K[l,0][t] K[2,2][t] - 
a9 K[l,l][t] K[2,2][t] + d7 K#K [ 1 , 0 , 2 , 2 ] [ t ] + 
k7 K#K[1, 0, 2, 2] [t] + d9 K#K [1,1,2,2] [t] + 
k9 K#K[1, 1,2,2] [t] + k5 K#K [2,1,3,1] [t] + 
d6 K#MEKP [2,2] [t] - kpon K[2,2] [t] S[-l,-l,-l] [t] - 
kpon K[2, 2] [t] S[-1,-1,0] [t] - kpon K[2,2] [t] S [ - 1 , -1 , 1 ] [ t ] + 
kpoff S [-1, 2, -1] [t] - kpoff S[-l, 2,0] [t] + 
kpoff S [-1, 2, 1] [t] - kpon K[2,2][t] S [ 0 , -1 , -1 ] [ t ] - 
kpon K[2, 2] [t] S [0,-1, 0] [t] - kpon K [ 2 , 2 ] [ t ] S [ 0 , -1 , 1 ] [ t] + 
kpoff S [0, 2, -1] [t] + kpoff S[0,2,0][t] + 
kpoff S[0,2,-l][t] - kpon K[2,2][t] S [ 1 , -1 , -1 ] [ t ] - 
kpon K[2,2][t] S[l,-l,0][t] - kpon K[2,2][t] S[l,-l,l][t] + 
kpoff S[l,2,-l][t] + kpoff S[l,2,0][t] + 
kpoff S[l,2,l][t] - kpon K[2,2] [t] S [ 2 , -1 , -1 ] [ t ] - 
kpon K[2,2] [t] S[2,-l,0][t] - kpon K [2 , 2 ] [ t] S [2 , -1, 1 ] [t] + 
kpoff S[2,2,-l][t] - kpoff S[2,2,0][t] + kpoff S [2, 2, 1 ] [t] , 
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K[3,0] ' [t] = =-al RAFK [ t ] K[3,0][t] + dl K#RAFK [ 3 , 0 ] [ t ] 
k2 K#RAFP[3, 1] [t] - kon K[3,0][t] S [-1, -1, -1] [t] + 
koff S[-1,-1,0] [t] - kon K[3,0][t] S [-1, 0, -1] [t] + 



- kon K[3,0][t] S[-l, 1,-1] [t] + 

- kon K[3,0][t] S[-l,2,-l] [t] + 

- kon K[3,0][t] S[0,-1,-1] [t] + 

- kon K[3,0][t] S[0,0,-1] [t] + 
kon K[3,0][t] S[0,l,-l][t] + 
kon K[3,0][t] S [0, 2,-1] [t] + 
kon K[3,0][t] S[l,-1,-1] [t] + 

- kon K[3,0][t] S [1, 0, -1] [t] + 
konK[3,0][t] S[l,l,-l][t] + 
kon K[3,0] [t] S [1, 2, -1] [t] + 
kon K[3,0][t] S [2,-1,-1] [t] + 

- kon K[3,0][t] S [2,0,-1] [t] + 
kon K[3, 0] [t] S[2,l,-l][t] + 

kon K[3,0][t] S[2,2,-l][t] + koff S [2, 2 , 0] ft] , 
K[3, 1] 1 [t] = = -a2 RAFP [ t ] K[3,l][t] -a3 K[2,0][t] K[3,l][t] - 
a5 K[2,l][t] K[3,l][t] + d3 K#K[2, 0, 3, 1] [t] + 
k3 K#K[2, 0,3,1] [t] + d5 K#K [2,1,3,1] [t] + 

1,2,1] [t] + kl K#RAFK[3, 0] [t] + d2 K#RAFP [ 3, 1 ] [ t ] - 



koff S [-1, 0,0] [t] 

koff S[-1,1,0] [t] 

koff S [-1, 2, 0] [t] 

koff S [0, -1, 0] [t] 

koff S [0, 0, 0] [t] 

koff S [0, 1, 0] [t] 

koff S [0, 2, 0] [t] ■ 

koff S [1, -1, 0] [t] 

koff S [1, 0, 0] [t] ■ 

koff S [1, 1, 0] [t] ■ 

koff S [1, 2, 0] [t] ■ 

koff S [2, -1, 0] [t] 

koff S [2, 0,0] [t] ■ 

koff S [2, 1, 0] [t] ■ 



k5 K#K[2 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 
kpon K[3 



d7 K#K[1 



1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 
1] [t 



S[-l,l,-l] [t] 
S[-l,2,-l] [t] 
S[0,-1,-1] [t] 
S[0,0-1] [t] + 



S[-l,-l,-l] [t] + kpoff S[-l,-l, 1] [t] - 
S [-1, 0, -1] [t] + kpoff S [-1, 0, 1] [t] - 
+ kpoff S [-1,1,1] [t] - 
+ kpoff S [-1, 2,1] [t] - 
+ kpoff S [0, -1,1] [t] - 
kpoff S [0, 0, 1] [t] - 
S [0, 1,-1] [t] + kpoff S[0,l,l][t] - 
S [0,2,-1] [t] + kpoff S[0,2,l][t] - 
S[l,-1,-1] [t] + kpoff S[l,-l,l][t] - 
S [1, 0,-1] [t] + kpoff S[l,0,l][t] - 
S[l,l,-l][t] + kpoff S[l,l,l][t] - 
S [1, 2, -1] [t] + kpoff S[l,2,l][t] - 
S [2, -1, -1] [t] + kpoff S[2,-l,l][t] - 
S[2, 0,-1] [t] + kpoff S[2,0,l][t] - 
S[2, 1, -1] [t] + kpoff S[2,l,l][t] - 
S[2,2,-l][t] + kpoff S[2,2,l][t], 



K#K[1,0,2,2] [t] = =-a7 K[l,0][t] K[2,2][t] - 



0,2,2] [t] - k7 K#K[1,0,2,2] [t] 



- d5 K#K[2, 1,3,1] [t] - 



K#K[1, 1,2,2] [t] = =-a9 K[l,l] [t] K[2,2][t] - 

d9 K#K[1,1,2,2] [t] - k9 K#K [ 1 , 1 , 2 , 2 ] [ t ] , 
K#K[2, 0,3,1] [t] = =-a3 K[2,0] [t] K[3,l][t] - 

d3 K#K[2, 0,3, 1] [t] - k3 K#K [2, 0, 3, 1] [t] , 
K#K[2, 1,3,1] [t] = =-a5 K[2,l][t] K[3,l][t] 

k5 K#K[2, 1,3, 1] [t] - K#MAPKP [1,1] ' [ t ] = = 
a8 MAPKP [ t ] K[l,-1] [t] - d8 K#MAPKP [1, 1 ] [t] - k8 KtMAPKP [ 1 , 1 ] [ t ] , 
K#MAPKP [ 1 , 2 ] 1 [t]= =-al0 MAPKP [ t ] K[l,2][t] - 

dlO K#MAPKP[1,2] [t] - klO K#MAPKP [1, 2 ] [t] , 
K#MEKP [2,1] ' [ t ] = =— a4 MEKP [ t ] K[2,l][t] - d4 K#MEKP [2 , 1 ] [ t ] - 

k4 K#MEKP[2,1] [t] , K#MEKP[2,2] 1 [t]= = 
a6 MEKP [ t ] K[2,2] [t] - d6 K#MEKP [ 2 , 2 ] [ t ] - k6 K#MEKP [2 , 2 ] [ t ] , 
K#RAFK[3,0] ' [t] = =-al RAFK [ t ] K[3,0][t] - dl K#RAFK [ 3 , 0 ] [ t ] - 
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kl K#RAFK[3, 0] [t] , K#RAFP[3, 1] f [t]== 
a2 RAFP [ t ] K[3,l][t] - d2 K#RAFP [ 3 , 1 ] [ t ] - k2 K#RAFP [ 3, 1 ] [ t ] , 
S[-l,-l,-l] ' [t]= =-kon K[1,0] [t] S[-l,-l,-l] [t] - 

kpon K[l,l]"[t] S[-l,-l,-l] [t] - kpon K[l,2][t] S [-1, -1, -1 ] [t] - 
kon K[2,0][t] S[-l,-l,-l] [t] - kpon K[2,l][t] S [-1, -1, -1 ] [t] - 
kpon K[2,2] [t] S[-l,-l,-l] [t] - kon K[3,0][t] S [ -1 , -1 , -1 ] [ t ] - 
kpon K[3, 1] [t] S[-l,-l,-l] [t] + koff S [-1, -1, 0] [t] + 
kpoff S [-1, -1, 1] [t] + koff S [-1,0, -1] [t] + 
kpoff S [-1, 1, -1] [t] + kpoff S [-1,2,-1] [t] + 

koff S [0, -1, -1] [t] - kpoff S [1,-1, -1] [t] + kpoff S [2,-1, -1] [t] , 
S[-1,-1,0] ' [t]« kon K[3,0] [t] S [ -1 , -1 , -1 ] [ t ] - 
koff S [-1,-1, 0] [t] - kla RAFK [ t ] S [-1 , -1 , 0 ] [ t ] - 
kon K[1,0] [t] S[-l,-l, 0] [t] - kpon K[l,l] [t] S [ -1 , -1 , 0 ] [ t ] - 
kpon K[l,2] [t] S[-l,-l, 0] [t] - kon K[2,0] [t] S [ -1 , -1 , 0 ] [ t ] - 
kpon K[2, 1] [t] S[-l,-l, 0] [t] + kpon K[-2, 2] [t] S [ -1 , -1 , 0 ] [ t ] + 
kpoff S [-1, 0, 0] [t] + kpoff S [-1, 1, 0] [t] + 

kpoff S[-l,2, 0] [t] + koff S[0,-l,0][t] + kpoff S [ 1, -1, 0] [t] + 
kpoff S[2,-l,0][t] - dla S#RAFK [-1, -1, 0] [t] , 

S[-l,-l,l] 1 [t] = = kpon K[3,l][t] S[-l,-l,-l] [t] - 

kpoff S [-1, -1, 0] [t] - kon K[l,0][t] S [ -1 , -1 , 1 ] [ t ] - 

kpon K[l, 1] [t] S[-l,-l, 1] [t] - kpon K[l,2] [t] S [ -1 , -1 , 1 ] [ t ] - 

kon K[2, 0] [t] S [-1,-1, 1] [t] - kpon K[2, 1] [t] S [ -1 , -1 , 1 ] [ t ] - 

kpon K[2,2][t] S [ -1 , -1 , 1 ] [ t ] + koff S [-1, 0, 1] [t] + 

kpoff S[-l,l,l] [t] + kpoff S[-l,2,l][t] + koff S[0,-l,l][t] + 

kpoff S[l,-l,l][t] + kpoff S [2, -1, 1] [t] + kl S#RAFK[-1, -1, 0] [t] , 

S[-l, 0,-1] 1 [t]= kon K[2,0] [t] S[-l,-l,-l] [t] - 

koff S[-1,0,-1] [t] - kon K[l,0][t] S [-1, 0, -1] [t] - 
kpon K[l,l][t] S [-1, 0, -1] [t] - kpon K[l,2][t] S [ -1 , 0 , -1 ] [ t ] - 
kon K[3,0][t] S[-1,0,-1] [t] - kpon K[3,l] [t] S [ -1 , 0 , -1 ] [ t ] + 
koff S[-l,0,0][t] + kpoff S[-l,0,l][t] + koff S[0,0,-l][t] + 
kpoff S[l,0,-l][t] + kpoff S[2, 0,-1] [t] , S[-l,0,0][t] = 
kon K[2,0][t] S [-1, -1, 0] [t] + kon K[3,0] [t] S [ -1 , 0 , -1 ] [ t ] - 
2 koff S[-l,0,0][t] - kla RAFKft] S[-l,0,0][t] - 
kon K[l,0][t] S[-l,0,0][t] - kpon K[l,l] [t] S[-l,0,0][t] - 
kpon K[l,2][t] S[l,0,0][t] + koff S[0,0,0][t] + 

kpoff S[l,0,0][t] + kpoff S[2,0,0][t] + dla S#RAFK [-1, 0, 0 ] [ t ] , 
S[-1,0,1] 1 [t] = = kon K[2,0] [t] S [-1,-1,1] [t] + 

kpon K[3,l][t] S[-1,0,-1] [t] - k3 S[-l,0,l][t] - 

koff S[-l,0,l][t] - kpoff S[-l,0,l][t] - 

kon K[l,0][t] S[-l,0,l][t] - kpon K[l, 1] [t] S[-l,0,l][t] - 

kpon K[l,2][t] S[-l,0,l][t] + koff S[0,0,l][t] + 

kpoff S[l,0,l][t] + kpoff S[2,0,l][t] + kl S#RAFK[-1,0,0] [t] , 

S[-l,l,-l] 1 [t] = = k P° n K t 2 ' 1 ] Ct] S[-l,-l,-l] [t] - 

kpoff S[-l,l,-l] [t] - kon K[l,0][t] S [-1 , 1 , -1 ] [ t ] - 
kpon K[l, 1] [t] S [-1, 1, -1] [t] - kpon K[l,2] [t] S [ -1 , 1 , -1 ] [ t ] - 
kon K[3,0][t] S[-l,l,-l] [t] - kpon K[3,l] [t] S [ -1 , 1 , -1 ] [ t ] + 
koff S[-l,l,0][t] + kpoff S[-l,l,l] [t] + koff S[0,l,-l][t] + 
kpoff S [1, 1,-1] [t] + kpoff S [2, 1, -1] [t] , 

S[-l, 1,0] ■ [t]= = kpon K[2, 1] [t] S[-1,-1,0] [t] + 
kon K[3,0][t] S[-l,l,-l] [t] - koff S[-l,l,0][t] - 
kpoff S[-l, 1,0] [t] - kla RAFK [t] S [-1 , 1, 0] [t] - 

kon K[1,0] [t] S[-l,l,0][t] - kpon K[l,l] [t] S[-l,l,0][t] - 
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kpon K[l,2][t] S [-1,1, 0] [t] + koff S[0,l,0][t] + 

kpoff S[l, 1,0, ] [t] + kpoff S[2,l,0][t] + dla S#RAFK [—1,1,0] [t], 
S[-l,l,l] ' [t] = =kpon K[2,l] [t] S[-l,-l,l] [t] + 

k3 S[-l,0,l][t] + kpon K[3,l][t] S [ -1 , 1 , -1 ] [t ] - 
k5a S[-l,l,l][t] - 2 kpoff S [-1, 1, 1] [t] - 

kon K[l,0][t] S[-l,l,l][t] - kpon K[l, 1] [t] S[-l,l,l][t] - 

kpon K[l,2][t] S[-l,l,l][t] + koff S[0,l,l[t] + 

kpoff S[l,l,l][t] + kpoff S[2,l,l][t] + kl S#RAFK[-1, 1, 0] [t] , 

S[-l,2,-l] 1 [t] = = kpon K[2,2] [t] S [-1, -1, -1 ] [t] - 

kpoff S [-1, 2,-1] [t] - kon K[l,0][t] S [ -1 , 2 , -1 ] [ t ] - 
kpon K[l, 1] [t] S [-1, 2, -1] [t] - kpon K[l,2] [t] S [ -1 , 2 , -1 ] [ t ] - 
kon K[3,0][t] S [-1, 2, -1] [t] - kpon K[3,l][t] S [-1 , 2, -1 ] [t ] + 
koff S[-l,2,0][t] + kpoff S[-l,2,l][t] + koff S[0,2,-l][t] + 
kpoff S[l,2,-l][t] + kpoff S[2,2,-l] [t] , 

S[-l,2,0] ■ [t]" kpon K[2,2] [t] S [ -1 , -1 , 0 ] [ t ] + 

kon K[3,0][t] S [-1, 2, -1] [t] - koff S [-1 , 2, 0] [t] - 

kpoff S [-1,2,0] [t] - kla RAFK [ t ] S[-l,2,0][t] - 

kon K[l,0][t] S[-l,2,0][t] - kpon K[l,l][t] S[-l,2,0][t] - 

kpon K[l,2] [t] S[-l,2,0][t] + koff S[0,2,0][t] + 

kpoff S[l,2,0][t] + kpoff S[2,2,0][t] + dla S#RAFK [-1, 2, 0] [t] , 
S[-l,2,l] ' [t] = = kpon K[2,2][t] S [ -1, -1 , 1 ] [ t] + k5a S[-l,l,l][t] + 
kpon K[3,l][t] S [-1, 2, -1] [t] - 2 kpoff S[-l,2,l][t] - 
kon K[l, 0] [t] S[-l,2,l][t] - kpon K[l, 1] [t] S[-l,2,l][t] - 
kpon K[l,2] [t] S[-l,2,l] [t] + koff S[0,2,l] [t] + 
kpoff S[l,2,l][t] + kpoff S[2,2,l][t] + kl S#RAFK [-1, 2, 0] [t ] , 
S[0,-1,-1] ' [t] = = kon K[1,0] [t] S[-l,-l,-l] [t] - 

koff S[0,-1,-1] [t] - kon K[2,0][t] S [ 0 , -1 , -1 ] [ t ] - 
kpon K[2, 1] [t] S [0, -1, -1] [t] - kpon K [ 2 , 2 ] [ t ] S [ 0 , -1 , -1 ] [ t ] - 
kon K[3,0][t] S[0,-1,-1] [t] + kpon K[3,l][t] S [ 0 , -1 , -1 ] [ t ] + 
koff S[0,-l,0][t] + kpoff S[0,-l,l][t] + koff S [0, 0, -1 ] [t] + 
kpoff S[0,l,-l][t] + kpoff S[0,2,-l] [t], S[0,-1, 0] ' [t]== 
konK[l,0][t] S[-1,-1,0] [t] + kon K[3, 0] [t] S [ 0 , -1 , -1 ] [ t ] - 
2 koff S [0,-1,0] [t] - kla RAFK [ t ] S [0, -1, 0] [t] - 
kon K[2,0][t] S[0,-l,0][t] - kpon K[2,l][t] S[0,-l,0][t] - 
kpon K[2, 2] [t] S [0,-1, 0] [t] + kof f S [ 0 , 0 , 0 ] [ t] + 
kpoff S[0,l,0][t] + kpoff S[0,2,0][t] + dla S#RAFK [ 0 , -1 , 0 ] [ t ] , 
S[0,-1,1] ' [t]== kon K[1,0] [t] S[-l,-l,l] [t] + 

kpon K[3,l][t] S [0, -1, -1] [t] - koff S[0,-l,l][t] - 

kpoff S[0,-l,l][t] - kon K[2,0][t] S[0,-l,l][t] - 

kpon K[2, 1] [t] S[0,-l,l][t] - kpon K[2,2] [t] S[0,-l,l][t] + 

koff S[0,0,l][t] + kpoff S[0,l,l][t] + 

kpoff S[0,2,l][t] + kl S#RAFK[0, -1, 0] [t] , 
S[0,0,-1] ' [t] = = kon K[1,0] [t] S [-1, 0, -1 ] [t] + 

kon K[2,0][t] S[0,-1,-1] [t] - 2 koff S [0, 0, -1 ] [t ] - 
kon K[3,0] [t] S[0,0,-l][t] - kpon K [ 3 , 1 ] [ t ] S[0,0,-l][t] + 
koff S[0,0,0][t] + kpoff S[0,0,l][t], S [0, 0, 0] 1 [t]== 
konK[l,0][t] S[-l,0,0][t] + kon K[2,0] [t] S[0,-l,0][t] + 
kon K[3,0][t] S[0,0,-l][t] - 3 koff S[0,0,0][t] - 
kla RAFK [ t ] S[0,0,0][t] + dla S#RAFK [0 , 0, 0] [ t ] , 
S[0,0,1] ' [t]= = kon K[1,0] [t] S[-l,0,l][t] + 

konK[2,0][t] S[0,-l,l][t] + kpon K[3, 1] [t] S[0,0,-l][t] - 

k3 S[0,0,l][t] - 2 koff S[0,0,l][t] - kpoff S[0,0,l][t] + 
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kl S#RAFK[0, 0, 0] ft] , S [0, 1, -1] [t] = = 
kon K[l,0][t] S[-l, 1,-1] [t] + kpon K[2, 1] [t] S [ 0 , -1 , -1 ] [ t ] - 
koff S[0, 1,-1] [t] - kpoff S[0,l,-l][t] - 

kon K[3,0][t] S[0,l,-l][t] - kpon K[3,l][t] S[0,l,-l][t] + 

koff S[0,l,0][t] + kpoff S[0,l,l][t], 
S[0,1,0] 1 [t] = = kon K[1,0] [t] S [-1, 1, 0] [t] + 

kpon K[2,l][t] S[0,-l,0][t] + kon K[3,0][t] S[0,l,-l][t] - 

2 koff S[0,l,0][t] - kpoff S[0,l,0][t] - 

kla RAFKft] S[0,l,0][t] + dla S#RAFK [ 0 , 1 , 0 ] [ t ] , 
S [0, 1, 1] ' [t] = = kon K[l, 0] [t] S [-1, 1, 1] [t] + 

kpon K[2,l][t] S[0,-l,l][t] - k3 S[0,0,l][t] + 

kpon K[3,l][t] S [0, 1,-1] [t] - k5a S[0,l,l][t] - 

koff S[0, 1,1] [t] - 2 kopff S[0,l,l][t] + kl S#RAFK [0,1,0] [t], 
S[0,2,-l] ' [t] = = kon K[1,0] [t] S [ -1 , 2 , -1 ] [ t ] + 

kpon K[2,2][t] S [ 0 , -1 , -1 ] [ t ] - k7 S[0,2,-l][t] - 
koff S [0, 2, -1] [t] - kpoff S[0,2,-l][t] - 

kon K[3, 0] [t] S[0,2,-l][t] - kpon K [ 3 , 1 ] [ t ] S[0,2,-l][t] + 

koff S [0,2, 0] [t] + kpoff S [0, 2, 1] [t] , 
S[0,2,0] ' [t]= - kon K[l,0][t] S[-l,2,0][t] + 

kpon K[2, 2] [t] S [0, -1, 0] [t] + kon K [ 3 , 0 ] [ t ] S [ 0, 2, -1 ] [t] - 

k7 S [0, 2, 0] [t] - 2 koff S[0,2,0][t] - kpoff S[0,2,0][t] - 

kla RAFKft] S[0,2,0][t] + dla S#RAFK [ 0 , 2 , 0 ] [ t ] , 
S [0,2, 1] ' [t]= = kon K[l,0][t] S[-l,2,l][t] + 

kpon K[2,2][t] S[0,-l,l][t] + k5a S[0,l,l][t] + 

kpon K[3,l][t] S[0,2,-l][t] - k7 S[0,2,l][t] - 

koff S[0,2,l][t] - 2 kpoff S[0,2,l][t] + kl S#RAFK [ 0 , 2 , 0 ] [ t ] , 

S[l,-1,-1] ' [t]== kpon K[l,l] [t] S[-l,-l,-l] ft] - 

kpoff S[l,-1,-1] [t] + kon K[2,0][t] S [ 1 , -1 , -1 ] [ t ] - 
kpon K[2, 1] [t] S[l,-1,-1] [t] - kpon K[2,2] [t] S [ 1 , -1 , -1 ] [ t ] - 
kon K[3,0][t] S [1,-1,-1] [t] - kpon K[3,l][t] S [ 1 , -1 , -1 ] [ t ] + 
koff S[l,-l,0][t] + kpoff S[l,-l,l][t] + koff S[l,0,-1] [t] + 
kpoff S[l,l,-l][t] + kpoff S [1, 2, -1] [t] , 

S[l,-1,0] 't] = = kpon K[l,l] ft] S[-1,-1,0] [t] + 

kon K[3,0][t] S [1, -1,-1] [t] - koff S[l,-l,0][t] - 

kpoff S[l,-l,0][t] - kla RAFK [ t ] S[l,-l,0][t] - 

konK[2,0][t] S[l,-l,0][t] - kpon K[2, 1] [t] S[l,-l,0][t] - 

kpon K[2,2][t] S[l,-l,0][t] + koff S[l,0,0][t] + 

kpoff S[l,l,0][t] + kpoff S[l,2,0][t] + dla S#RAFK [1, -1, 0 ] [t] , 

S [1, -1, 1] ' [t] = = kpon K[l,l][t] S [-1,-1, 1] [t] + 

kpon K[3,l][t] S[l,-1,-1] [t] - 2 kpoff S[l,-l,l][t] - 

kon K[2,0][t] S[l,-l,l][t] - kpon K[2,l][t] S[l,-l,l][t] - 

kpon K[2,2][t] S[l,-l,l][t] + koff S[l,0,l][t] + 

kpoff S[l,l,l][t] + kpoff S[l,2,l][t] + kl S#RAFK[1, -1, 0] [t] , 

S[l, 0,-1] 1 [t] = = kpon K[l,l] [t] S[-1,0,-1] [t] + 

konK[2,0][t] S [1,-1,-1] [t] - koff S[l, 0,-1] [t] - 
kpoff S[l,0,-l][t] - kon K[3,0][t] S[l,0,-l][t] - kpon K[3,l][t] 
S[l,0,-l][t] + koff S[l,0,0][t] + kpoff S [1, 0, 1] [t] , . 

S[1,0,0] ' [t] = =kpon K[l,l] [t] S[-1,0,0] [t] + 

kon K[2,0][t] S[l,-l,0][t] + kon K[3,0][t] S[l,0,-l][t] - 
2 koff S[l,0,0][t] - kpoff S[l,0,0][t] - 

kla RAFKft] S[l>0,0][t] + dla S#RAFK [ 1 , 0 , 0 ] [ t ] , S [ 1 , 0 , 1 ] 1 [ t ] == 
kpon K[l,l][t] S[-1,0,1] [t] + kon K[2,0] ft] S fl,-l,l] ft] + 
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kpon K[3,l][t] S[l,0,-1] [t] - k3 S[l,0,l][t] - 

koff S[l,0,l][t] - 2 kpoff S[l,0,l][t] + kl S#RAFK[1, 0,0] [t] , 
S[l,l,-l]*[t]==kpon K[l,l][t] S[-l, 1,-1] [t] + 

kpon K[2,l][t] S[l,-1,-1] [t] - 2 kpoff S [ 1 , 1 , -1 ] [ t ] - 

kon K[3,0][t] S[l,l,-l][t] - kpon K[3,l][t] S [ 1 , 1, -1 ] [t] + 

koff S[l,l,0][t] + kpoff S[l, 1,1] [t] , 
S[l,l,0]'[t]==kpon K[l,l] [t] S[-l,l,0][t] + 

kpon K[2, 1] [t] S [1, -1, 0] [t] + kon K [3, 0] [ t ] S [1, 1, -1 ] [t] - 

koff S[l,l,0][t] - 2 kpoff S[l,l,0][t] - 

kla RAFK [ t ] S[l,l,0][t] + dla S#RAFK [ 1 , 1 , 0 ] [ t ] , 
S[l,l,l] ' [t]==kpon K[l,l] [t] S[-l,l,l] [t] + 

kpon K[2,l][t] S[l,-l,l][t] + k3 S[l / 0 / l][t] + 

kpon K[3,l][t] S [1, 1,-1] [t] - k5a S[l,l,l][t] - 

3 kpoff S [1, 1, 1] [t] + kl S#RAFK[1, 1, 0] [t] , 
S[l,2,-1] 1 [t] = = kpon K[l,l] [t] S[-l,2,-l] [t] + 

k7 S [0,2,-1] [t] + kpon K[2,2][t] S [ 1 , -1 , -1 ] [ t ] - 

k9a S[l,2,-l][t] - 2 kpoff S[l,2,-l][t] - 

kon K[3,0][t] S [1, 2, -1] [t] - kpon K[3,l][t] S [ 1 , 2, -1 ] [t] + 
koff S[l,2,0][t] + kpoff S[l,2,l][t], 

S[-l,2,0]»[t] = = kpon K[l,l] [t] S[-l,2,0] [t] + k7a S[0,2,0] [t] + 
kpon K[2,2] [t] S [ 1 , -1, 0 ] [t] + kon K [3, 0] [t ] S [ 1 , 2, -1 ] [t] - 
k9a S[l,2,0][t] - koff S[l,2,0][t] - 2 kpoff S[l,2,0][t] - 
kla RAFK [ t ] S[l,2,0][t] + dla S #RAFK [1,2,0] [ t ] , 

S[l,2,l] ' [t]= = kpon K[l,l][t] S[-l,2,l][t] + k7 S[0,2,l][t] + 
kpon K[2,2][t] S [ 1 , -1, 1 ] [t] + k5a S[l,l,l][t] + 
kpon K[3,l][t] S[l,2,-l][t] - k9a S[l,2,l][t] - 
3 kpoff S[l,2,l][t] + kl S#RAFK[1, 2, 0] [t] , 

S[2,-l,-l] • [t] = = kpon K[l,2] [t] S[-l,-l,-l] [t] - 

kpoff S [2, -1, -1] [t] - kon K[2,0][t] S2,-l,-l][t] - 
kpon K[2, 1] [t] S[2,-l,-l] [t] - kpon K [ 2 , 2 ] [ t ] S [2, -1 , -1] [t ] - 
kon K[3,0][t] S [2, -1, -1] [t] - kpon K[3,l][t] S [2 , -1 , -1 ] [t] + 
koff S [2,-1, 0] [t] + kpoff S[2,-l, 1] [t] + koff S [2, 0, -1 ] [t] + 
kpoff S[2,l,-l][t] + kpoff S[2,2,-l] [t] , 

S[2,-l,0] 1 [t]= = kpon K[l,2] [t] S [ -1 , -1 , 0 ] [ t ] + 

kon K[3,0][t] S [2, -1, -1] [t] - koff S [2, -1, 0] [t] - 

kpoff S [2,-1, 0] [t] - kla RAFK [ t ] S [2, -1, 0 ] [t] - 

kon K[2,0][t] S[2,-l,0][t] - kpon K[2,l][t] S[2,-l,0][t] - 

kpon K[2,2] [t] S [2, -1, 0 ] [t] + koff S[2,0,0][t] + 

kpoff S[2,l,0][t] + kpoff S[2,2,0][t] + dla S#RAFK [2 , -1, 0 ] [ t] , 

S[2,-l,l] 1 [t]== kpon K[l,2] [t] S[-l,-l,l] [t] + 

kpon K[3,l][t] S [2, -1, -1] [t] - 2 kpoff S [2, -1, 1] [t] - 

kon K[2, 0] [t] S[2,-l,l][t] - kpon K [2, 1] [t] S[2,-l,l][t] - 

kpon K[2,2][t] S[2,-l,l][t] + koff S[2,0,l][t] + 

kpoff S[2,l,l][t] + kpoff S[2,2,l][t] + kl S#RAFK [2 , -1, 0 ] [t ] , 

S[2,0,-l] ' [t]== kpon K[l,2] [t] S [ -1 , 0 , -1 ] [ t ] + 

kon K[2,0][t] S [2, -1, -1] [t] - koff S[2,0,-l][t] - 

kpoff S[2,0,-l][t] - kon K[3,0][t] S[2,0,-l][t] - kpon K[3,l][t] 
S[2,0,-l][t] + koff S[2,0,0][t] + kpoff S [2, 0, 1] [t] , 
S[2,0,0] 1 [t]= = kpon K[l,2] [t] S[-l,0,0][t] + 

kon K[2,0][t] S[2,-l,0][t] + kon K[3,0][t] S[2,0,-l][t] - 
2 koff S[2,0,0][t] - kpoff S[2,0,0][t] - 

kla RAFK [ t ] S[2,0,0][t] + dla S#RAFK [2, 0, 0 ] [t] , S [ 2 , 0 , 1 ] ' [ t ] == 
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kpon K[l,2][t] S [-1, 0, 1] [t] + kon K[2,0][t] S [ 2 , -1 , 1 ] [ t ] + 
kpon K[3,l][t] S [2, 0, -1] [t] - k3 S[2,0,l][t] - 

koff S [2, 0, 1] [t] " 2 kpoff S[2,0,l][t] + kl S#RAFK [2, 0, 0] [t] , 
S[2 f l,-l] , [t] = =kpon K[l,2][t] S [-1, 1 , -1] [ t] + 

kpon K[2,l][t] S [2, -1, -1] [t] - 2 kpoff S[2,l,-l][t] - 

kon K[3, 0] [t] S[2,l,-1] [t] - kpon K [3, 1] [t] S [2, 1, -1 ] [t] + 

koff S[2,l,0][t] + kpoff S[2,l,l][t], 
S[2,l,0] ' [t] = =kpon K[l,2] [t] S [-1, 1, 0] [t] + 

kpon K[2,l][t] S[2,-l,0][t] + kon K[3,0][t] S[2,l,-l][t] - 

koff S[2,l,0][t] - 2 kpoff S[2, 1,0] [t] - 

kla RAFK [ t ] S[2,l,0][t] + dla S#RAFK [2 , 1, 0] [t] , 
512,1,1] ' [t] = =kpon K[l,2] [t] S[-l,l,l][t] + 

kpon K[2,l][t] S[2,-l,l][t] - k3 S[2,0,l][t] + 

kpon K[3,l][t] S[2,l,-l][t] - k5a S[2,l,l][t] - 

3 kpoff S[2,l,l][t] + kl S#RAFK[2, 1, 0] [t] , 
S[2,2,-l] * [t]« kpon K[l,2] [t] S [ -1 , 2 , -1 ] [ t ] + k9a S [ 1 , 2 , -1 ] [ t ] + 

kpon K[2,2][t] S[2,-l,-l] [t] - 2 kpoff S [2, 2, -1 ] [t] - 

kon K[3, 0] [t] S[2,2,-l][t] - kpon K [3, 1] [t] S [2 , 2, -1 ] [t] + 

koff S[12,2,0][t] + kpoff S [2,2, 1] [t] , 
S [2, 2, 0] ' [t]« kpon K[l,2][t] S[-l,2,0][t] + k9a S[l,2,0][t] + 

kpon K[2,2][t] S[2,-l,0][t] + kon K[3,0][t] S [2 , 2, -1 ] [t] - 

koff S[2,2,0] [t] - 2 kpoff S[2,2,0][t] - 

kla RAFK [ t ] S[2,2,0][t] + dla S#RAFK [2, 2, 0 ] [t] , 
S[2,2,l] ' [t]" kpon K[l,2] [t] S[-l,2,l][t] + 

k9a S[l,2,l][t] + kpon K[2,2][t] S[2,-l,l][t] + 

k5a S[2,l,l][t] + kpon K[3,l][t] S[2,2,-l][t] + 

3 kpoff S[2,2,l][t] + kl S#RAFK[2, 2, 0] [t] , 
S#RAFK[-1, -1, 0] ' [t]== kla RAFK [ t ] S [ -1 , -1 , 0 ] [ t ] - 

dla S#RAFK[-1, -1, 0] [t] - kl S#RAFK [-1 , -1, 0] [ t] , 
S#RAFK[-1, 0,0] 1 [t]== kla RAFK [ t ] S [-1 , 0, 0 ] [ t] - 

dla S#RAFK[-1, 0, 0] [t] - kl S#RAFK [-1 , 0, 0 ] [ t] , 
S#RAFK[-1, 1,0] ' [t]== kla RAFK [ t ] S [ -1 , 1 , 0 ] [ t ] - 

dla S#RAFK[-1, -1, 0] [t] - kl S#RAFK [ -1 , 1 , 0 ] [ t ] , 
S#RAFK[-1, 2, 0] ' [t]== kla RAFK [ t ] S [-1, 2 , 0 ] [ t] - 

dla S#RAFK[-1, 2, 0] [t] - kl S#RAFK[-1, 2, 0] [t] , 
S#RAFK[0, -1, 0] 1 [t]== kla RAFK [ t ] S [ 0, -1 , 0 ] [ t] - 

dla S#RAFK[0, -1, 0] [t] - kl S#RAFK [ 0 , -1 , 0 ] [ t ] , 
S#RAFK[0, 0, 0] ' [t]== kla RAFK [ t ] S[0,0,0][t] - 

dla S#RAFK[0, 0, 0] [t] - kl S#RAFK [ 0 , 0 , 0 ] [ t ] , 
S#RAFK[0, 1, 0] 1 [t]== kla RAFK [ t ] S[0,l,0][t] - 

dla S#RAFK[0, 1, 0] [t] - kl S#RAFK [ 0 , 1 , 0 ] [ t ] , 
S#RAFK[0,2, 0] 1 [t]== kla RAFK [ t ] S[0,2,0][t] - 

dla S#RAFK[0, 2, 0] [t] - kl S#RAFK [0, 2, 0] [t] , 
S#RAFK[1, -1, 0] ' [t] == kla RAFK [ t ] S [ 1 , -1 , 0 ] [t] - 

dla S#RAFK[1,-1, 0] [t] - kl S#RAFK [ 1 , -1 , 0 ] [ t ] , 
S#RAFK[1, 0, 0] 1 [t]== kla RAFK [ t ] S[l,0,0][t] - 

dla S#RAFK[1, 0, 0] [t] - kl S#RAFK [ 1 , 0 , 0 ] [ t ] , 
S#RAFK[1, 1,0] 1 [t]== kla RAFK [ t ] S [ 1 , 1, 0 ] [t] - 

dla S#RAFK[1, 1, 0] [t] - kl S#RAFK [ 1 , 1 , 0 ] [ t ] , 
S#RAFK[1, 2, 0] 1 [t]== kla RAFK [ t ] S[l,2,0][t] - 

dla S#RAFK[1, 2, 0] [t] - kl S#RAFK [ 1 , 2 , 0 ] [ t ] , 
S#RAFK[2, -1, 0] ' [t]== kla RAFK [ t ] S [2 , -1 , 0 ] [ t] - 
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dla S#RAFK[2,-1,0] [t] - kl S #RAFK [2,-1,0] [t], 
S#RAFK[2, 0, 0] ' [t]== kla RAFK[t] S[-2,0,0][t] - 

dla S#RAFK[2, 0, 0] [t] - kl S#RAFK [2 , 0, 0] [t] , 
S#RAFK[2, 1, 0] 1 [t] == kla RAFK [ t ] S[2,l,0][t] - 

dla S#RAFK[2, 1, 0] [t] - kl S#RAFK [-2, 1 , 0 ] [t] , 
S#RAFK[2, 2, 0] ' [t]== kla RAFK [ t ] S[2,2,0][t] - 

dla S#RAFK[2, 2, 0] [t] - kl S#RAFK [2 , 2, 0] [t] , 
(MAPKP, MEKP, RAFK, RAFP, K [ 1 , 0 ] ,K[1,1], [K[l,2], 
K[2,0],K[2,1],K[2,2], 
K[3,0],K[3,1], K#K[1, 0,2,2] , 
K#K[1,1,2,2] , K#K[2, 0,3,1], 
K#K[2, 1, 3, 1] , K#MAPKP[1, 1] , 
K#MAPKP [1,2], K#MEKP [2,1], 
K#MEKP [2,2], K#RAFK [3,0], 
K#RAFP[3,1], S[-l,-l,-l], 
S[-1,-1,0], S[-l,-l,l], 
S[-1,0,-1], S[-1,0,0], 
S[-1,0,1], S[-l,l,-l], 
S[-1,1,0], S[-l,l,l], 
S[-l,2,-l], S[-l,2,0], 
S[-l,2,l], S[0,-1,-1], 
S[0,-1,0], S[0,-1,1], 
S[0,0,-1], S[0,0,0], S[0,0,1], 
S[0,l,-1], S[0,1,0], S[0,1,1], 
S[0,2,-l], S[0,2,0], S[0,2,l], 
S[l,-1,-1], S[l,-1,0], 
S[l,-1,-1], S[l,0,-1], 
S[1,0,0], S[1,0,1], S[l,l,-1], 
S[1,1,0], S[l,l,l], S[l,2,-1], 
S[l,2,0], S[l,2,l], S[2,-l,-l], 
S[2,-l,0], S[2,-l,l], 
S[2,0,-l], S[2,0,0], S[2,0,l], 
S[2,l,-1], S[2,l,0], S[2,l,l], 
S[2,2,-l], S[2,2,0], S[2,2,l], 
S#RAFK[-1, -1, 0] , S#RAFK[-1, 0,0], 
S#RAFK[-1, 1, 0] , S#RAFK [-1,2,0] , 
S#RAFK[0, -1,0], S#RAFK[0, 0, 0] , 
S#RAFK[0, 1,0], S#RAFK[0, 2, 0] , 
S#RAFK [1,1,0], S#RAFK [1,0,0], 
S#RAFK [1,1,0], S#RAFK [1,2,0], 
S#RAFK[2, -1, 0] , S#RAFK[2, 0, 0] , 
S#RAFK[2, 1,0], S#RAFK[2,2, 0] } } 



FIG. 18 

(Page 10 of 10) 



